Peptic globin digest (PG) was prepared from porcine blood globin, and the peptides were characterized by separation processes such as gel filtration chromatography, hydrophobic chromatography and sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Aggregation of the peptides was indicated by highperformance liquid chrornatography (HPLC). Two fractions (FI and F2) were obtained from PG by gel filtration chromatography. Hydrophobic chromatography of fraction F1 was carried out, and a peak corresponding to the aggregate was found in fractions Flb-Fle. These fractions, which showed an aggregate peak by HPLC, were subjected to SDS-PAGE, and two major peptide bands with molecular weight of 5000 and 6000 were found. Amino acid sequence indicated the N-terminal amino acid of these peptides to be 42-47 (Phe-Asp) and 86-92 (Ala-Leu) of p-globin, respectively. Furthermore, it was predicted that the Mw 5000 and 6000 peptides may possibly be 42-85 (MW 4749) and 86-141 (MW 6117) of p-globin, respectively, based on the specificity of pepsin.
Gelation is an important structural aspect of food products.
For effective utilization of porcine blood globin, the gelation ofglobin has been studied. (Autio et al, 1985 , Hayakawa et al, 1983 , Ryu et al, 1995 . We also found that gelation occurs during peptic proteolysis of globin. (Miyaguchi et al, 1996 (Miyaguchi et al, , 1997 . The peptic globin digest (PG) was found to form a gel at acidic pH from 30 to 50'C, and gel strength increased with the surface hydrophobicity of PG and incubation time up to 48 h. Maximum gel strength was obtained at 2-3% hydrolysis degree of globin. It was known that gel and curd formation of protein occurs with no need for heating, for example, various food proteins form gels by transglutaminase catalysis to acyl-transfer reaction between protein-bound glutaminyl residues and primary amines (Sakamoto et al, 1994) . The cold-gelation of soy protein isolate is due to disulfide formation during cold storage (Soeda, 1994) . The gelation of whey protein isolate results from the addition of NaC1, which promotes the association of protein molecules (Kitabatake, 1994) . A protease induces soy protein curd formation in the limited proteolysis and aggregation of the resultant digest (Fuke et al, 1985) . In this study, the characterization and isolation of peptide fragments induced by pepsin, which form a gel or an aggregate, were conducted by gel filtration chromatography, hydrophobic chromatography and sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). The aggregation of these peptides was demonstrated by high-performance liquid chromatography (HPLC). Some peptides obtained from an aggregate fraction were analyzed with N-terminal amino acid sequences.
Material and Methods
Preparation of PG Porcine globin was prepared in accordance with the acid-acetone method (Tybor et at, 1975) with modification (Miyaguchi et al, 1989) . Six grams of globin powder was suspended in water, and the pH was adjusted to 3.0 by 0.1 N HCl. Water was then added to the solution to adjust to 6.0% (w/v) offinal protein concentration (total volume of 100ml). Pepsin (1:10,000, Iot M2t5081, Nacalai Tesque, Kyoto) was added to the globin solution at an enzyme-substrate ratio (E/S) of 0.01 . Digestion was carried out at pH 3.0 and 50'C for 24 h, the optimum conditions for the gelation of globin. The resulting solution was then diluted with water ( I : I ), and the pH was adjusted to 7.0 with NaOH.
The solution was lyophilized to obtain PG powder. The PG was dissolved in 50 mM borate buffer (pH 9.4) and dialyzed with a membrane (Spectra/Por3 cutoff molecular weight 3500, Spectrum Medical Industry, Inc., CA) against distilled water for 2 days. The retentate was lyophilized, and dialyzed PG powder (DPG) was prepared. Ge/ fltration chromatography Gel filtration chromatography was conducted on a TSK gel Toyopearl HW-50F column (2X30 cm, Tosoh, Tokyo) using 0.05 M borate buffer containing 0.1 M NaCl, pH 9.4, as the eluent. Next, 0.1% PG (3 ml) was applied onto the column, and bovine serum albumin, myoglobin and vitamin B12, with molecular weights (Mw) of 67,000, 1 7,000 and 1355, respectively, were used as Mw markers. Each elution fraction (3 ml) was monitored at an absorbance of 280 nm.
Hydrophobic chromatography PG was applied onto a TSK gel Butyl Toyopearl 650M column (2x 15 cm, Tosoh).
The chromatography was carried out using five eluents (each borate buffer containing 100 mM ammonium sulfate, pH 9.4 (eluent A). One tenth percent PG (3 ml) was loaded onto the column and eluted using the step gradient of eluent A, 10 mM borate buffer containing 10 mM ammonium sulfate, pH 9.4 (eluent B), 10 mM borate buffer, pH 9.4 (eluent C), 10 mM sodium carbonate, pH I 1.0 (eluent D) and 0.01 N NaOH, pH 12.0 (eluent E). Each elution (3 ml) was monitored by absorbance at 280 nm.
HPLC analysis PG was analyzed by HPLC with a TSK G2000SWXL column (7.8X300 mm, Tosoh). HPLC consisted of a model LC3A pump, model SIL-1A injector and model SPD-2A detector (Shimadzu, Kyoto). The detector was equipped with a CR6A chromatopac (Shimadzu) for data acquisition and spectral analysis. The eluent was 0.05 M phosphate buffer containing 0.1 M NaCl, pH 6.8. The Mw marker for HPLC (Oriental Yeast Co., Ltd., Tokyo) was used as standard protein.
SDS-PA GE analysis PG was analyzed by SDS-PAGE according to Ploug et a/ (1989) . For the next step, 5 mg PG was dissolved in I ml 0.01 M Tris-HCI buffer containing 12% glycerol, 2% SDS and l% p-mercaptoethanol, pH 6.8, and the solution thus obtained served as the SDS-PAGE sample.
N-termina/ amino acid sequence determination Electroblotting was carried out by the method of Hirano (1989) . Some peptides were separated by SDS-PAGE and transferred by electroblotting onto polyvinylidene difluoride (Clear Blot Membrane-P, ATTO, Tokyo) at lOmA overnight. The membrane was washed in water for 5 min and stained with CBB-R250. The band corresponding to the desired peptide was cut out and applied to an automatic protein sequencer (Model 494, Applied Biosystems, CA) for N-terminal amino acid sequence determination. 45 globin was solubilized well at acid pH. The PG obtained from globin dissolved to a greater extent at alkaline pH. At pH 9.0, the solubility of PG was about 100%.
Ge/ fltration chromatography of PG Gel filtration chromatography of PG, DPG and globin are presented in Ala-Glu-Leu-
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volume of eluent than the globin monomer between 6 ml and 30 ml, and fraction F2 which eluted between 30 ml and 48 ml in the same amounts as fraction Fi. Though DPG was subjected to gel filtration chromatography, its elution pattern was almost the same as that of PG, except after 45 ml of elution.
Hydrophobic chromatography of PG Figure 3 shows the chromatogram for TSK gel Methyl Toyopearl of fraction F1 and F2. Most offraction F2 was eluted with eluent A. On the other hand, fraction F1 was divided into five fractions (Fla-Fle) with eluent A-E which were subjected to HPLC (Fig. 4 ). All fractlons gave a peak at 1 1 min of elution tlme corresponding to globin hydrolysates with Mw less than 12,400. Fractions F Ib, F Ic, F Id and F Ie gave peaks between 7-10 min of elution time indicating aggregates with various Mw (60,000-300,000) and different amounts. Among all the fractions, fraction Flc strongly showed an aggregate peak.
Thus, fractions Fla-Fle were examined by SDS-PAGE analysis.
SDS-PA GE analysis of PG Fractions F I a-F I e were applied to SDS-PAGE (Fig. 5) . As evident from Table I . Each band (l and II) in Flb-Fle was identical judging from the sequence data. The N-terminal amino acid sequences of the band I and II peptides were compared with the sequences data of porcine globin reported by Braunitzer et al ( 1978) and closely agreed with those of the residue 86-91 and 42-47 of p-globin, respectively.
Discussion
The previous study suggested the gel formed from PG to contain an aggregate, thus, the characterization of peptides in PG was conducted in this study. Though PG solubllity was lower than that of globin at acidic pH, it was higher at alkaline pH. Above pH 7.0, the hydration of globin increased by limited proteolysis with pepsin, as has also been noted for hydrochloric globin hydrolysate (Miyaguchi et al, 1995 (Eisenberg & McLachlan, 1986) . The gel strength of PG is related to surface hydrophobicity and increases with the extent of hydrolysis up to 3%. The gelation of PG thus appears to occur through the hydrophoblc aggregation of peptides from globin. Excessive proteolysis of globin thus does not promote a strong gel formation because of the degradation of peptides. However, we could not clarify in this study which was the gelation-enhancing peptide. As the Mw 5000 and 6000 peptides were shown in this study, these peptides must be isolated and further investigated. Furthermore, the study of the pepsin-induced gelation of globin is essential for elucidating the gelation mechanism of protein. A better understanding of the gelation of globin will serve as the basis for producing new food materials with no need for heating.
